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INTRODUCTION 
Plants from many different parts of the world are known to contain 
exceptionally high concentrations of oxalic acid. In most instances, 
these plants are of little consequence to man. However, livestock 
grazing in areas where these plants are the predominant flora can in­
gest large amounts of oxalic acid and are subject to oxalate intoxication. 
Many plants which grow on the cold desert ranges of the western 
United States contain potentially toxic levels of oxalic acid (James and 
Cronin, 1974; James, Williams and Bleak, 1976). One of these plants, 
halogeton (Halogeton glometratus), is probably the most frequent cause 
of oxalate intoxication in range animals (James and Cronin, 1974). 
Halogeton is not part of the natural vegetation of the west, but is 
well-adapted to the arid desert environment and quickly establishes it­
self in areas where the natural vegetation has been disturbed. As a 
result, grazing animals may be exposed to areas containing dense popu­
lations of this weed. Acute oxalate intoxication and death can occur 
after animals have ingested exceptionally large amounts of halogeton. 
Chronic oxalate poisoning does not appear to be a problem in areas where 
this plant grows (James and Butcher, 1972). Losses due to deaths from 
oxalate intoxication are usually small, but occasional large scale in­
toxications have been reported (James, 1972; Wadsworth, 1971). 
Another plant, known as soursob (of the Oxalis genus), dominates 
certain grazing areas of South Australia (Watts, 1957; Dodson, 1959). 
These plants are quite palatable and also contain exceptionally high 
levels of oxalate. Ingestion of these plants by sheep results in many 
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acute poisonings and deaths in sheep each year (Dodson, 1959; Smith, 
1951). In contrast to halogeton, investigators have reported problems 
with chronic poisoning on soursob pastures (Mcintosh, 1972; Smith, 1951). 
In these cases, the animals appear normal, but may collapse and die when 
placed under stress. 
Many of the toxic effects of oxalate can be explained by the forma­
tion of calcium oxalate crystals. These crystals can interfere with 
calcium absorption, deplete blood calcium levels and damage the kidney, 
rumen wall and other organs (James, 1972). After ingesting large amounts 
of oxalate, animals rapidly go into shock, followed closely by a coma 
and death. In chronic intoxication, there is a gradual deterioration of 
the body, accompanied by stiff legs and a nasal discharge (Smith, 1951; 
James, 1972). However, the problem of oxalate poisoning is far from 
being totally understood because oxalates also have been shown to influ­
ence cellulose degradation in the rumen, rumen pH, and blood urea nitrogen 
levels (James, Street and Butcher, 1967; James and Butcher, 1972; 
Talapatra, Ray and Sen, 1948; Singh et al., 1975). This has led some in­
vestigators (James et al., 1967) to believe that rumen dysfunction may be 
as important as altered calcium metabolism and kidney damage in contributing 
to the death of the animal. The severity of the poisoning thus reflects 
such factors as water status, nutritional status, and the amount of oxalate 
ingested. The fact that oxalate intoxication is not completely understood 
makes treatment difficult. Although some investigators have suggested 
that calcium supplementation may reduce acute oxalate intoxications 
(James et al., 1967), the most successful approach to decreasing losses 
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has been to control oxalate intake through management (James and Cronin, 
1974). 
It has long been known that after extended periods of oxalate in­
gestion, animals become more resistant to the toxic effects of this acid. 
Although some attempts have been made to attribute this adaptation to 
physiological changes in the animal (Nicolaysen, Eeg-Larsen and Malm, 
1953), most of the current evidence suggests that resistance is caused 
by increased rates of oxalate degradation by bacteria in the gastro­
intestinal tract of these animals. 
The first qualitative evidence of such oxalate degradation in the 
rumen was presented by Talapatra and his associates (1948) as a result 
of calcium assimilation studies in cattle. These studies showed that 
ingested soluble oxalates were not recovered in the blood, urine or 
feces, but did alter the calcium balance and urinary carbonate levels. 
These authors suggested that oxalate salts are broken down by the ruminai 
flora before they enter the stomach. Morris and Garcia-Rivera (1955) 
provided the first direct quantitative evidence for ruminai oxalate deg­
radation. In these in vitro experiments, oxalate concentrations decreased 
when fresh rumen ingesta was incubated with sodium oxalate. 
No attempts were made to correlate oxalate degradation in the rumen 
with diet until Watts (1957) demonstrated that the ability of rumen con­
tents to degrade this acid was greater in sheep which had been adapted by 
regularly adding small quantities of oxalic acid to the rumen. In a more 
comprehensive study, Dodson (1959) also showed that the rumen is re­
sponsible for detoxifying oxalate. This study correlated the ability to 
degrade oxalate with the seasonal changes in the sheep pastures, since 
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oxalate degradation was most complete during periods when the oxalate-
containing plant, soursob, was predominant in the grazing area. Dodson 
suggested that a microorganism associated with oxalate-containing plants 
was responsible for ruminai oxalate degradation, because degradation was 
greatest when these plants were ingested. James and his associates (1967) 
demonstrated similar ruminai changes in sheep fed halogeton. The in 
vitro degradation of oxalate by rumen ingesta was significantly increased 
after sheep were fed halogeton. 
More recent studies by Allison and his associates (1977) have used 
the production of carbon dioxide from ^^C-labeled oxalate to measure the 
in vitro rates of oxalate degradation in rumen contents. Measurable 
amounts of oxalate were degraded by rumen contents from sheep and cattle 
maintained on an alfalfa diet. The addition of halogeton to these diets 
resulted in a 12-fold increase in the ruminai oxalate degradation rate. 
In examining the rumen contents of these adapted animals, these investi­
gators found that oxalate degradation was associated with the bacterial 
fraction obtained during centrifugation and that oxalate degradation was 
greatest under oxygen-free conditions. These studies were consistent with 
the hypothesis that adaptation to oxalate was due to the selection of an 
anaerobic, oxalate-degrading population from microbes present in the 
normal rumen population and not to the introduction of new oxalate-
degrading organisms, as was suggested by Dodson (1959). 
The proposal that changes in the bacterial populations in the rumen 
are responsible for the increased rates of oxalate degradation in adapted 
animals is supported by studies with vitro cultures of rumen bacteria 
(unpublished work by M. J. Allison and H. M. Cook). These investigators 
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demonstrated that the rate of oxalate degradation in such cultures in­
creased when the culture was fed halogeton or when increasing amounts of 
sodium oxalate were infused into the culture. This work indicated that 
increased rates of oxalate degradation in the rumen were independent of 
the animal's metabolism and represented adaptive change in the ruminai 
bacterial population. This change is brought about by the introduction 
of increased quantities of oxalate to the rumen. 
Oxalate degradation by microflora in the gastrointestinal tract is 
not limited to the rumen. Hodgkinson (1977) suggested that about 54 to 
78% of the oral intake of oxalate was degraded in the human gut. Barber 
and Gilmore (1940) have shown that human fecal material has the ability 
to degrade oxalate under both aerobic and anaerobic conditions. Results 
of this study also indicated that oxalate was degraded by a non-spore-
forming rod which required peptone and glucose for optimal activity. The 
identity of the organism involved was not known. Bhat (1966) isolated an 
oxalate-degrading Clostridium from donkey dung. This isolate was in­
adequately described and has been lost; thus, little is known about its 
importance in the gastrointestinal tract of the donkey. Bruce and 
Bredehom (1961) were unable to produce toxic effects by feeding calcium 
oxalate to pigs; they indicated that bacterial degradation of oxalate occurs 
in the digestive tract of these animals. These investigators also pre­
sented evidence which suggests that the stomach was the initial site of 
degradation in pigs. 
Certain rodents tolerate large amounts of oxalate in their diets. 
Studies by Shirley and Schmidt-Nielsen (1967) indicated that pack rats, 
hamsters and sand rats metabolize oxalate in their intestines. This may 
6 
not only allow for detoxification of oxalate but may also be important 
in the freeing of calcium from low calcium and high oxalate diets. These 
authors suggested that oxalate degradation is due to the microbial popu­
lation in the intestine and that such populations were affected by both 
dietary and taxonomic factors in the rodents. 
Bacterial utilization of oxalate as a carbon and energy source has 
been known since 1913 when the first oxalate decomposing bacterium from 
the soil was described (Bassalik, 1913). Since that time, several strains 
of oxalate-degrading bacteria have been isolated and classified. Table 1 
contains a list of most of the known oxalate-degrading strains and genera. 
In general, the ability to utilize oxalate is a rare trait in bacteria. 
However, in some groups of bacteria, such as the Streptomyces and 
Nocardia genera, this characteristic is rather widespread (McClung, 1954; 
Hodgkinson, 1977). The ability to utilize oxalic acid has been used as 
a means of classifying various species of Mycobacteria and Streptomyces 
(Hodgkinson, 1977). 
Most of the known oxalate degraders are aerobes or facultative an­
aerobes, even though many have been isolated from the gastrointestinal 
tract of animals. Only two strictly anaerobic strains have been reported. 
One is the clostridial strain isolated from donkey dung and described 
by Bhat (1966). The other, a Desulfovibrio, was originally isolated as 
an oxamate utilizer from anaerobic enrichments (Postgate, 1963). 
Only a few oxalate-degrading bacteria have been isolated from the 
rumen. Muller (1950) reported that the oxalate degrader, Proactinomyces 
citreus, could be isolated from the soil and from the rumen of a sheep. 
O'Halloran (1962) isolated a gram-negative, facultatively aerobic, rod 
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Table 1. Known oxalate-degrading bacteria 
Organism Source Reference 
Aerobes 
Bacillus extorquens 
Vibrio oxaliticus 
Proactinomyces citreus 
Pseudomonas oxalaticus 
Streptomyces spp. 
Nocardia spp. 
(Protominobacter spp.) 
Pseudomonas sp. ODl 
Mycobacterium lacticola 
Pseudomonas sp. M27 
Pseudomonas sp. AMI 
Thiobacillus novellus 
Pseudomonas sp. AM2 
Pseudomonas sp. RJ^ 
Alcaligenes sp. LO^ 
Pseudomonas sp. YOx 
Pseudomonas sp. MOx 
Pseudomonas sp. KOx 
Soil 
Soil 
Soil, sheep rumen 
Earthworm intestine 
Earthworm intestine 
Many sources 
Soil 
Bassalik (1913) 
Bhat & Barker (1948) 
Muller (1950) 
Khambata & Bhat (1953) 
Khambata & Bhat (1954) 
McClung (1954) 
Jayasuriya (1955) 
Earthworm intestine Khambata & Bhat (1955) 
Soil 
Contaminant 
Soil 
Contaminant 
Soil 
Soil 
Soil 
Soil 
Chicken dung 
Anthony & Zatman (1964) 
Stocks & McCleskey (1964) 
Shethna (1967) 
Blackmore & Quayle (1970) 
Mehta (1973) 
Mehta (1973) 
Mehta (1973) 
Mehta (1973) 
Chandra & Shethna (1975a) 
Anaerobes 
Clostridium sp. 
Desulfovibrio 
desulfuricans 
Monticello 2 
Donkey dung 
Anaerobic mud 
Bhat (1966) 
Postgate (1963) 
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from the rumen a sheep which would degrade oxalate. It is not known what 
role either of these organisms play in the rumen of oxalate-adapted 
animals; but considering the strictly anaerobic conditions of the rumen 
and the predominance of strict anaerobes in this environment, it seems 
unlikely that either of these organisms play a significant role in 
ruminai oxalate degradation. Allison and his associates (1977) tested 
99 anaerobes isolated from the rumen of an oxalate-adapted animal in 
medium containing ^^C-labeled oxalate, but found that none of these 
organisms degraded oxalate. Similar attempts to isolate oxalate-degrading 
bacteria from adapted fermenter cultures of rumen bacteria on both con­
ventional anaerobic media in roll tubes and oxalate-containing roll tubes 
also met with failure (unpublished work by M. J. Allison). 
The mechanisms of oxalate degradation and assimilations have been 
studied in a number of bacteria and are outlined in Figure 1. The proc­
ess of oxalate degradation to formate by cell-free extracts of Pseudo-
monas oxalaticus requires catalytic amounts of adenosine triphosphate 
(ATP), thiamine pyrophosphate (TPP), succinate and coenzyme A (Quayle, 
Keech and Taylor, 1961). This system is somewhat different from the 
acetate-requiring mechanism proposed earlier by Jakoby and his associates 
(1956) which only partially accounted for the decarboxylase activity in 
cell-free extracts of a soil organism and required substrate quantities 
of ATP (Jakoby, 1956; Jakoby, Ohmura and Hayaishi, 1956). The mechanism 
of oxalate degradation appears to be similar in all bacteria (Blackmore 
and Quayle, 1970) and requires the formation of the active intermediate, 
oxalyl-CoA, from succinyl-CoA and oxalate by a yet to be isolated enzyme 
system (Quayle et al., 1961). The active intermediate is then 
Oxalate Succinyl-CoA 
Oxalyl-CoA Formyl-CoA -••Formate 
Energy 
Production 
5,10-CH2-H^ folate 
CO: 
Glyoxylate 
x2 
Serine-
H4 folate 
k. 
Glycerate 
'N 
Glycine 
Hydroxypyruvate 
Biosynthesis 
Figure 1. Metabolic pathways involved in oxalate utilization. 
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decarboxylated to formyl-CoA in a reaction catalyzed by oxalyl-CoA 
carboxylase, an enzyme which uses TPP as a cofactor (Quayle, 1963b). 
The cyclic nature of this process allows for the regeneration of 
oxalyl-CoA by the transfer of the CoA group from formate directly to 
oxalate or indirectly through succinate (Quayle et al., 1961). 
The oxidation of formate represents the main energy yielding 
reaction in organisms growing on oxalate (Jakoby and Bhat, 1958). A 
nicotinamide adenine dinucleotide (NAD)-linked formate dehydrogenase which 
catalyzes formate oxidation to carbon dioxide (CO2) was found in ]P. 
oxalaticus (Quayle et al., 1961) and later was purified (Muller et al., 
1978). The reduced NAD produced during this oxidation reaction is used 
for ATP production via a respiratory chain or is used directly for bio-
synthetic processes in the cells (Jakoby and Bhat, 1958). A similar 
mechanism of formate oxidation has been suggested for other Pseudomonas 
strains (Blackmore and Quayle, 1970) and in Thiobacillus novellus when , 
grown on oxalate (Chandra and Shethna, 1977). Two enzymes were found to 
be responsible for formate oxidation in Alcaligenes LOx when it was grown 
on oxalate; a constitutive formate oxidase and an inducible NAD-linked 
formate dehydrogenase. The effects of inhibitors indicate that the former 
enzyme system is linked to a respiratory chain (Chandra and Shethna, 1975b). 
Carbon assimilation from oxalate into bacterial cells also involves 
the active intermediate, oxalyl-CoA (Quayle, 1963a). The reduction of 
this intermediate by reduced nicotinamide adenine dinucleotide phosphate 
(NADP) to form glyoxylate is the first step in the incorporation process 
(Quayle et al., 1961; Quayle, 1962). This reaction was catalyzed by a 
coenzyme A-dependent glyoxylate dehydrogenase (Quayle and Taylor, 1961); 
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Shethna, 1967). The formation of this glyoxylate intermediate appears 
to be a universal characteristic of all oxalate-utilizing bacteria 
(Blackmore and Quayle, 1970; Chandra and Shethna, 1975b; Chandra and 
Shethna, 1977). 
In oxalate-utilizing bacteria, two known pathways are used for the 
conversion of glyoxylate to three-carbon biosynthetic intermediates. 
The first pathway is the glycerate pathway which was first described by 
Komberg and Gotto (1961). In this pathway, two glyoxylate molecules 
are subject to a condensation and a subsequent decarboxylation in a 
reaction catalyzed by glyoxylate carboligase. The reaction sequence re­
sults in the formation of glycerate, a compound which can readily be 
used in biosynthetic reactions. This mechanism for oxalate assimilation 
has been found in Alcaligenes LOx, Pseudomonas KOx (Chandra and Shethna, 
1975b), Thiobacillus novellus (Chandra and Shethna, 1977), and Pseudomonas 
oxalaticus (Blackmore and Quayle, 1970). The second pathway involved in 
oxalate assimilation is called the serine pathway. In this reaction se­
quence, a one-carbon unit from serine and glyoxalate are brought together 
to form the three-carbon intermediate, hydroxypyruvate. The reaction 
sequence uses a serine-glycine cycle to regenerate serine from carbon 
originating from the formate produced during oxalate degradation. This 
mechanism has been found in Pseudomonas MOx and AMI (Chandra and Shethna, 
1975b), and in the pink-pigmented organisms; Pseudomonas AM2, Protamino-
bacter ruber and Bacillus (Pseudomonas) extorquens (Blackmore and Quayle, 
1970). 
At the time the present study was initiated, it had been established 
that oxalate is subject to anaerobic degradation by the bacterial 
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populations in the rumen of animals fed oxalate. Little was known about 
the metabolic processes or bacteria involved in ruminai oxalate degrada­
tion. Attempts to isolate a single organism which would degrade oxalate 
under the anaerobic conditions of the rumen and account for the increased 
rates of ruminai oxalate degradation had met with failure. This was 
true even though oxalate degradation by certain aerobic bacteria had been 
well characterized. It did appear that the presence of oxalate in the 
rumen allowed for the selection of oxalate-degrading organisms. The 
nature of this selective process was unknown prior to this study. How­
ever, the ability to use oxalate as an energy-yielding substrate for 
growth seems to be the most probable basis for selection in the adapted 
rumen. 
Bhat (1966) and Postgate (1963) have both successfully used substrate 
limited media to select and isolate oxalate-utilizing bacteria from an­
aerobic environments. In the present study, oxalate-containing media were 
used in several different enrichment procedures to select and characterize 
oxalate-degrading populations from the rumen. These studies formed the 
basis for further work which resulted in the first reported isolation of 
an anaerobic oxalate degrader from a ruminai bacterial population. 
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MATERIALS AND METHODS 
Inocula The inocula used in the enrichment studies were obtained 
from a one-liter anaerobic fermenter culture of bacteria established with 
material from the rumen of a fistulated sheep. The culture was maintained 
by feeding 30 g of ground alfalfa hay daily and by infusing a modified 
artificial saliva solution prepared as described by Abe and Kumeno (1973) . 
The dilution rate in the fermenter was 0.041 hr~^. Anaerobic conditions 
were maintained in the fermenter by flushing with CO2 when the culture was 
opened for feeding. The culture was adapted to oxalate by infusing a 
sodium oxalate gradient of from 0.031 to 1.56 mmole/hr over an eight-day 
period. Elevated rates of oxalate degradation were maintained by continual 
infusion of oxalate at a rate of 1.56 mmole/hr. 
Organisms Two hydrogen-utilizing organisms were used in this study. 
Vibrio succinoRenes was obtained from M. J. Wolin (New York State Depart­
ment of Health, Albany, New York) and was maintained on the VSF medium 
described by Kafkewitz (1975). Desulfovibrio sp. strain Gil was obtained 
from M. P. Bryant (Department of Dairy Science and Microbiology, University 
of Illinois, Urbana, Illinois). This organism was maintained on a medium 
like the rumen fluid-oxalate medium (described later in this dissertation) 
modified to contain sodium formate (45 iriM) instead of sodium oxalate. 
Media Except when used in serum bottles and chemostat cultures, 
media were prepared under strictly anaerobic conditions by using the 
modifications of the Hungate technique described by Bryant and Robinson 
(1961). 
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Several different types of enrichment media were tested for their 
ability to support the growth of the oxalate-degrading populations. 
Table 2 shows the composition of the rumen fluid oxalate (RFO) medium 
which was used for enrichment and maintenance of the oxalate-degrading 
populations. This medium was prepared in 16 x 150 mm culture tubes under 
a CO2 gas phase unless otherwise indicated. The medium was supplemented 
with 2% agar for use in roll tubes. 
The composition of the depleted rumen fluid oxalate (DRFO) medium 
is shown in Table 3. This medium was prepared in a manner similar to 
that described by Dehority and Grubb (1975). The medium was depleted of 
substrates by anaerobically incubating fresh rumen fluid with the mineral 
solutions and resazurin solution in the total volume of water for 7 days 
at 37 C. This mixture was clarified by centrifugation and was sterilized 
at 121 C for 15 min. The oxalate and other substrates were added to the 
medium after a second centrifugation (depending on clarity). The medium 
was reduced by boiling and bubbling with CO2. It was then sterilized in 
a round-bottom flask under CO2. After adding the cysteine and carbonate 
solutions, the medium was tubed in 10-ml volumes in 16 x 150 mm culture 
tubes under CO2. 
Table 4 shows the composition of the non-rumen fluid (NRF) medium 
used in the chemostat studies. This medium was a modified form of the 
Medium 10 described by Caldwell and Bryant (1966). Sodium oxalate was 
added as a major substrate in place of carbohydrates, and agar was omitted 
from the medium. 
Single-deletion experiments were used to define two minimal media 
which would support the growth of the oxalate-degrading isolates. The 
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Table 2. Composition of the rumen fluid oxalate medium for enrichment 
of anaerobic oxalate degraders® 
Component Percentage in medium 
Clarified rumen fluid^ 
Yeast extract 
Resazurin 
Sodium sulfate 
Mineral solution^ 
Sodium carbonate 
L-cysteine HC1-H20 
Sodium oxalate 
10.0 
0 . 1  
0.0001 
0 . 2  
5 .0  
0 .4  
0 .05  
0 . 6  
^The medium was prepared as described in the text. The final pH 
was 6.8. 
^Percentages are on a weight/volume basis except for the rumen fluid 
and mineral solution which are on a volume/volume basis. 
^The rumen fluid was prepared as CRF-2 of Bryant and Robinson (1961). 
^Minerals were prepared in a common stock solution. The final 
concentrations in the medium were: NaCl, 15.4 mM; KH2PO4, 6.6 mM; 
(NH4)2S04, 6.8 mM; MnS04-H20, 59.2 yM; CoS04"7H20, 3.6 yM; and MgS04'7H20, 
20.2 yM. 
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Table 3. Composition of the depleted rumen fluid oxalate medium for 
enrichment of anaerobic oxalate degraders^ 
Component Percentage in medium^ 
Substrate depleted rumen fluid^ 
Mineral solutions^ 
Resazurin 
Sodium carbonate 
Cysteine HC1*H20 
Sodium oxalate 
^The medium was prepared as described in the text. The final pH 
was 6.8. 
^Percentages are on a weight/volume basis except for the rumen fluid 
and the mineral solutions which are on a volume/volume basis. 
^Prepared as described in the text. 
*^The minerals were prepared in a common stock solution except for the 
K2HPO4 which was prepared in a separate solution. The final concentrations 
in the medium were: K2HPO4, 1.3 mM; KH2PO4, 1.7 mM; (^154)2804, 3.4 mM; 
NaCl, 7.7 mM; MgS04*7H20, 0.18 mM; and CaCl2*6H20, 0.20 mM. 
40.0 
3.75 
0.0001 
0.04 
0.05 
0 . 6  
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Table 4. Composition of the non-rumen fluid medium for the maintenance 
of the oxalate-degrading population in the chemostat culture^ 
Component Percentage in medium^ 
Mineral solutions'^ 3.75 
Trypticase 0.2 
Yeast extract 0.05 
Volatile fatty acid mixture^ 0.31 
Sodium carbonate 0.4 
L-cysteine - HCl-H^O 0.025 
Resazurin 0.0001 
Sodium oxalate 0.3 
^The medium was prepared as described in the text. The final pH was 
adjusted to 6.8 with sodium hydroxide. 
^Percentages are on a weight/volume basis except for the mineral 
solutions and the VFA solution which are on a volume/volume basis. 
^Minerals were added as described in Table 3. 
^The volatile fatty acid mixture was prepared as described by Caldwell 
and Bryant (1966). 
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minimal rumen fluid oxalate (MRFO) medium was prepared like the RFO 
medium except it contained no sodium sulfate. The minimal oxalate (MO) 
medium was prepared like the RFO medium except the rumen fluid and the 
sodium sulfate were deleted. 
The peptone-yeast extract-glucose medium (PYG) and other conventional 
media used for characterization of anaerobes were prepared as described 
by Holdeman, Cato and Moore (1977). 
The anaerobic dilution solution was prepared as described by Bryant 
and Burkey (1953) with mineral concentrations like those described for 
the DRFO medium in Table 3. 
Serum bottle cultures In studies where it was necessary to main­
tain and sample the gas phase over the cultures, media were prepared in 
25-, 50-, 100- and 125-ml serum bottles by using the methods described 
by Miller and Wolin (1974). These bottles were sealed with black rubber 
stoppers (Bellco Glass, Inc., Vineland, N.J., #2048-11800) and aluminum 
seals. The media were inoculated and sampled through the stoppers by 
using disposable hypodermic needles and syringes. 
During the hydrogen inhibition studies, the hydrogen gas (H2) was 
added to the serum bottles to give an initial pressure of 100 mm of 
mercury. Gas pressures were checked daily and were maintained at 100 mm 
pressure by using a gassing apparatus similar to the gassing manifold 
described by Balch and Wolfe (1976) equipped with a mercury manometer. In 
actively methanogenic cultures, the utilization of H2 was indicated by a 
decreased pressure in the serum bottle. The gassing manifold was also 
modified to allow for sampling the gasses in the serum bottle by adding 
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a three-way valve which was connected to a 5-ml syringe. This apparatus 
allowed for daily analysis of the gases produced in the system with a 
minimal disturbance of the pressure in the serum bottles. 
Qualitative test for oxalate The presence of oxalate in the media 
was tested qualitatively by using a calcium precipitation test. For 
this, a 0.1-ml sample of the medium was diluted in 0.9 ml of distilled 
water. Two-tenths of a milliliter of 1% anhydrous calcium chloride in 
water was then added to this dilution. The presence of oxalate in the 
medium was indicated by the development of a milky precipitate within 5 
min. Reactions were interpreted as: strongly positive (44-), indicating 
oxalate concentrations of about 20 mM or more; weakly positive (+), indi­
cating oxalate concentrations of between 8 and 20 mM; and negative (-), 
indicating oxalate concentrations of less than 8 mM. These numerical 
equivalents were based on chromatographic analyses of oxalate in the RFC 
medium. 
Organic acid concentrations The concentrations of oxalate and 
other organic acids were measured by gas chromatographic analysis of the 
dibutyl and monobutyl esters, prepared as described by Salanitro and 
Muirhead (1975). Measurements were made as indicated by Allison et al. 
(1977), by using a heptanoic acid internal standard. In experiments where 
quantitation was critical, standard curves were established by adding each 
of the individual acids being measured to the test medium. 
The alcohol content of the culture media before and after growth was 
measured by using gas chromatography as described by Allison and his co­
workers (1964) . 
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Gas analysis Samples for gas analysis were taken through the 
rubber stopper of the culture vessel with a plastic syringe fitted with 
a stainless steel stopcock and a 20-gauge needle. Gas samples ranged in 
size from 1 to 5 ml, depending on the culture vessel. The samples were 
analyzed at room temperature on a Loenco Model AD-2000 respiratory gas 
analyzer modified to separate CO2 from H2 by adding 15 ft (4.6 m) of .085 
(2.16 mm) in (ID) teflon tubing between the first and the second detectors. 
Helium was used as a carrier gas. The samples were injected using a 
0.5-ml injection loop. The quantities of the various gasses were deter­
mined by comparing the recorded peak heights with corresponding peaks from 
standard gas mixtures containing 53.4% methane in CO2 and 51.5% H2 in CO2. 
Enrichment from the fermenter A single 10-fold dilution sequence 
was prepared from the adapted fermenter culture in the anaerobic dilution 
solution (10~^ through 10"^). Tubes of the enrichment medium were each 
inoculated with 1.0 ml from these dilutions. Oxalate concentrations were 
monitored daily by using the calcium precipitation test and confirmed by 
using gas chromatography. The disappearance of oxalate from the medium 
indicated the presence of oxalate-degrading microorganisms. 
Growth conditions and maintenance of cultures All culture manipu­
lations were carried out in such a way as to maintain anaerobic conditions 
in the culture vessels. All cultures were incubated at 37 C. Oxalate 
concentrations were monitored by using the calcium precipitation test. 
Primary enrichments were maintained on RFO medium prepared in 10-ml 
volumes in 16 x 150 mm culture tubes. Each culture was inoculated with 5 
ml from a culture in which the oxalate could no longer be detected by the 
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precipitation test. Oxalate degradation was usually complete in from 
4 to 7 days in these cultures. 
The batch cultures of the uncoupled population were maintained in 
a similar manner; however, 0.1 ml of inoculum was sufficient for the 
maintenance of this population and oxalate degradation was usually complete 
after 24 hr. These cultures were transferred every 5 days. 
Cultures of the pure oxalate-degrading isolates were maintained on 
MRFO medium prepared in 5-ml volumes in 13 x 100 mm Culture tubes. These 
cultures were transferred serially with 0.1 ml of inocula every other 
day, or daily, as needed. 
Isolations Colonies were picked from roll tubes prepared with 
7 ml of the appropriate agar medium in 18 x 150 mm culture tubes. These 
tubes were inoculated with dilutions prepared in the anaerobic dilution 
solution. Individual colonies were identified by using a stereoscopic 
microscope and were picked with a sterile Pasteur pipet which had been 
flushed with CO2. 
Growth experiments Growth experiments with the pure oxalate-
degrading isolates were carried out in 5-ml volumes of MRFO medium in 
13 X 100 mm tubes. Optical densities were measured at 600 nm with a 
Bausch and Lomb Spectronic 20 colorimeter using uninoculated media for 
the blanks. Substrates were tested in the MRFO medium in both the 
presence and absence of oxalate. These substrates were added to the 
medium in filter-sterilized solutions to give a final concentration of 
45 mM. Substrate utilization was indicated by an increase in turbidity 
over a control tube without the substrate. Inhibition was indicated by a 
decreased turbidity in comparison to the tube containing only oxalate. 
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All growth experiments were accompanied by a control tube of MRFO medium 
prepared without oxalate. Growth in this "zero" oxalate control indi­
cated the presence of a contaminating organism. 
Antibiotic susceptibility was determined in a manner similar to 
that described by Wilkins and Thiel (1973) by using MRFO medium prepared 
in 5-ml volumes. 
Growth experiments with the primary enrichments and the uncoupled 
populations were carried out in 18 x 150 mm tubes. Optical densities were 
determined at 600 nm, as indicated above. 
Oxalate degradation rates The rates of oxalate degradation were 
determined in thick-walled 14 x 100 mm tubes containing 0.9 ml of RFO 
medium (modified to contain 25 mM sodium oxalate) and 0.1 ml of a solution 
containing 10 yCi/ml of ^^C-labeled oxalic acid (New England Nuclear, 
Boston, Massachusetts, SA 4.3 mCi/mmole). The tubes were gassed with CO2 
and were sealed with black rubber stoppers. Duplicate 1-ml samples of the 
oxalate-degrading cultures or washed cell suspensions were added to two 
assay tubes for each determination. After mixing, the tubes were incubated 
for 1 hr at 37 C. The reaction was stopped by injecting 1 ml of 1 M 
sodium hydroxide through the stopper. 
The radioactivity trapped as carbonate in a 0.5-ml sample was added 
to 2.0 ml of 1 M KH2PO4 and measured after it was diffused into 0.2 ml of 
Carbo-Sorb (Packard Instrument Co., Inc., Downers Grove, Illinois). This 
was done by using a system similar to that described by Anderson and 
Snyder (1969), except 25-ml Erlenmeyer flasks with hanging plastic wells 
(Kontes Glass Co., Vineland, New Jersey) were used. 
23 
Radioactive samples were counted in vials containing 15 ml of Bray's 
solution (New England Nuclear, Boston, Massachusetts) on a Beckman Model 
8000 liquid scintillation counter. Counting efficiencies were determined 
by using ^^C-toluene as an internal standard and were monitored by com­
paring channel ratios. All counts were found to be approximately 85% 
efficient. 
Preliminary experiments with this assay system showed that CO2 pro­
duction with a standard cell suspension was linear with time between 0.5 
and 4.0 hr. Maximum rates of oxalate degradation were found when between 
20 and 60 mM oxalate were used in the medium. Low concentrations (25 niM) 
were used to maintain optimal levels when oxalate was added in the samples. 
Dilution of an oxalate-degrading cell suspension resulted in a proportional 
decrease in CO2 production. The rate of oxalate degradation could not be 
related to the optical densities of the mixed oxalate-degrading populations. 
The rates of oxalate degradation were estimated by assuming that one 
mole of ^^C02 was produced for each mole of ^^C-oxalate degraded. The 
mean rate of duplicate tubes was reported. The specific activity of 
oxalate in the assay tubes was corrected to account for oxalate in the 
samples (as measured by gas chromatography). 
Chemostat cultures The chemostat cultures used in this study were 
similar to those described by Sineriz and Pirt (1977). A 200-ml Pyrex 
culture flask (Wheaton Scientific, Millville, New Jersey, #07786) with a 
water jacket and overflow was equipped with a black rubber stopper. Four 
openings in the stopper were fitted with small diameter glass tubes. Two 
of the tubes extended to the bottom of the flask and were used to sample 
and gas the medium in the culture vessel. The other two tubes were shorter 
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and were used to sample the gas over the medium and to feed medium into 
the culture vessel. The overflow from the culture vessel was connected 
with a black rubber tube to an Erlenmeyer flask sealed with a black rubber 
stopper equipped with a bunsen valve. The medium in the chemostats was 
continuously mixed with a magnetic stirring bar. Anaerobic conditions 
were maintained in the chemostats by passing CO2 through the system into 
the overflow flask while sampling or changing the overflow flask. Media 
flow in the culture vessel was controlled with a variable speed peristaltic 
pump. 
Media for the chemostats were prepared without the cysteine and 
carbonate solutions aerobically in 3- to 5-1 volumes in large aspirator 
bottles. Each of these was sterilized at 121 C for 15 min and gassed 
with CO2 while they cooled. After the cysteine and carbonate solutions 
were added, and the media were completely reduced, each bottle was sealed 
with a black rubber stopper. This stopper was equipped with a tube con­
nected to a butyl rubber balloon, which was used to maintain a small posi­
tive gas pressure on the bottle. 
To prevent contamination of the medium reservoir (the aspirator 
bottle), the medium was passed through a drip tube before it entered the 
culture flask. The drip tube consisted of a sterile 13 x 100 mm glass 
tube, fitted with two black rubber stoppers. The medium was pumped through 
a black rubber tube from the reservoir and dripped into the drip tube 
through a 20-gauge needle inserted into the top stopper. It then flowed 
out of the drip tube into the culture flask through a 2-mm glass tube in­
serted through the bottom stopper. The drip tubes were replaced when they 
became contaminated. 
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Each culture vessel was inoculated with 100 ml of inoculum from 
batch culture or from previously established chemostats. Care was taken 
to flush the system with CO2 prior to inoculation. Samples were removed 
daily for oxalate determinations, microscopic examination, and degradation 
rate determinations. The flow of culture medium was monitored by measuring 
the volume in the overflow flask. Strict aseptic techniques were used 
while sampling and gassing the chemostats. The populations were trans­
ferred to clean culture vessels every 2 weeks to prevent the accumulation 
of a slime layer on the sides of the vessels. 
Dry weight determinations The relationship between optical density 
and the dry weight of the methanogenic population was determined by using 
five 10-ml samples taken after complete oxalate degradation had occurred 
in cultures grown on RFO medium. The same relationship was established 
for the oxalate-degrading isolate, OxB, by using fourteen 100-ml samples 
taken during exponential growth on the RFO medium supplemented with five 
different concentrations of oxalate (three samples, 0.0 mM, three samples, 
22.5 mM; two samples, 45.0 iriM; three, 75.0 mM; and three, 90.0 mM sodium 
oxalate). 
The cells in each sample were collected by centrifugation at 15,000 
X g in a refrigerated centrifuge and were washed once in 0.2 volume of 
distilled water. After a final centrifugation, the cells were removed 
from the centrifuge tube with three successive washes with 0.1 volume of 
distilled water into a preweighed beaker. The cells were dried in a 100 C 
oven for 18 hr and were placed in a desiccator jar until a constant weight 
was reached. 
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Dry weight yields per mole of substrate degraded were estimated by 
using-the maximum optical density observed in the test medium and the 
change in oxalate concentration (as determined by gas chromatography) ob­
served at the time of this maximum optical density. In most experiments, 
oxalate degradation was complete when the maximum optical density was 
reached. Preliminary experiments indicated that yields determined in­
directly from the optical density-dry weight relationships were not sig­
nificantly different from those determined directly from dry weight 
determinations. 
Distribution of label in end products The end products from 
strain OxB were determined after growth in MO medium. The medium con­
tained 45 mM sodium oxalate and was modified to contain 0.5 yCi/ml of 
^^C-oxalic acid (New England Nuclear, Boston, Massachusetts, SA. 47.6 
yCi/mg) . The culture flask was prepared with 100 ml of medium and was 
inoculated with 1 ml of a 24-hr culture of OxB in MO medium. Growth was 
stopped and gaseous CO2 was absorbed into the medium after oxalate deg­
radation was complete (about 24 hr) by injecting 20 ml of 2.5 M sodium 
hydroxide into the sealed culture flask through the rubber stopper. 
Two 10-ml control tubes of the same medium were prepared. One of 
these tubes contained the uninoculated medium stopped with 2.0 ml of 
2.5 M sodium hydroxide. The other control tube contained the uninoculated 
medium. 
The radioactivity in carbonate was determined in 0.5-ml samples with 
the aid of the diffusion system described earlier. 
Steam distillation of the labeled volatile acids was accomplished 
according to the method described by Neish (1952). Labeled CO2 was 
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removed from a 2-ml sample of culture medium by adding 2.5 ml of distilled 
water and 0.5 ml of 10 N sulfuric acid. The samples were then bubbled 
with unlabeled CO2 for 15 min. Three grams of magnesium sulfate were 
added to the sample before beginning the distillation. Approximately 
30 ml of the distillate were collected. Samples (100 yl) of the dis­
tillate were counted in Bray's scintillation fluid as described earlier. 
The radiolabeled formate was separated from oxalate by using a 8 mm x 
15 cm, AGI X 10 (chloride form, 200-400 mesh, from Bio-Rad Laboratory, 
Richmond, California) column and the method described by Jakoby and his 
associates (1956). A 1-ml sample of the medium was acidified with 0.1 ml 
of 10 N sulfuric acid to free the labeled CO2, and was subsequently 
neutralized with 1 ml of IN sodium hydroxide. The total neutralized 
sample was washed into the column with 30 ml of distilled water and was 
eluted from the column with a solution containing 0.02 M of sodium chloride 
in 0.015 N hydrochloric acid at a flow rate of 0.84 ml/min. Samples from 
the column were collected at 4.8-min intervals in tubes containing 0.2 ml 
of 1 N sodium hydroxide. The peaks of activity were located by counting 
0.1-ml subsamples from every other eluted sample. The total counts for 
each peak were determined after pooling all of the samples from the peak 
into a known volume. Subsamples were counted in Bray's scintillation fluid 
as described earlier. 
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RESULTS 
Primary enrichment cultures The inocula used in the enrichment 
procedures were obtained from an ^  vitro fermenter, as described in 
Materials and Methods. Cultures of rumen bacteria were adapted by in­
fusing increasing amounts of sodium oxalate. Oxalate degradation rates 
in these cultures, as measured by the production of ^^002 from ^^C-labeled 
oxalate, were typically about 4.0 ymole/ml/hr. Previous work has shown 
that these fermenter cultures contained bacterial populations which de­
graded oxalate at rates comparable to those observed in the rumen of oxalate-
adapted animals (unpublished work by M. J. Allison and H. M. Cook). Such 
adapted cultures were easily maintained for periods of up to 30 days and 
supplied a ready source of inocula for the enrichment studies. 
The enrichment media used in this study were designed to select popu­
lations of bacteria which use oxalate as a major substrate. In the DRFO 
medium (Table 3), other possible substrates were depleted from the medium 
by incubating the rumen fluid with a mixed population of rumen bacteria 
prior to adding oxalate and preparing the medium. Several potential 
electron acceptors and co-metabolites were added to the DRFO medium in an 
attempt to stimulate the growth of oxalate-degrading bacteria. Table 5 
compares the different enrichment media. Oxalate degradation in the DRFO 
and the RFO (Table 2) media required 18 and 21 days, respectively, when 
an inoculum representing 10"^ ml of fermenter material was used. The time 
required for oxalate degradation was decreased slightly by the addition of 
succinate, acetate or fumarate to the DRFO medium and was increased by the 
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Table 5. Times required for oxalate degradation and the highest dilution 
showing degradation in the rumen fluid oxalate and depleted 
rumen fluid medium 
Media 
Day required for 
degradation^ 
Highest dilution 
showing degradation 
Rumen fluid oxalate medium 
45 mM oxalate 21 lor* 
90 mM oxalate N 10-2 
Depleted rumen fluid^ 
oxalate medium 18 
VO 1 O
 
1 —1 
+ succinate 13 S
 1 
+ acetate 15 10-7 
+ lactate 18 10-7 
+ fumarate 15 10-5 
+ sulfate 18 10-5 
+ formate 27 10-4 
+ nitrate N -
+ yeast 
extract 18 10-G 
^Represents the number of days required for a dilution representing 
10"^ ml of an oxalate-adapted fermenter population to degrade the oxalate 
in the medium. N indicates no detectable degradation occurred in 27 days. 
^Represents the milliliters of the original adapted fermenter popu­
lation showing oxalate degradation within 27 days. Dilutions were pre­
pared in the anaerobic dilution solution. 
^The depleted medium contained 45 mM oxalate. Other substrates were 
added at a concentration of 45 mM except formate which was 50 mM and yeast 
extract which was added to give a final concentration of 0.1%. 
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addition of formate. Oxalate degradation by a similar inoculum was com­
pletely inhibited by the addition of nitrate to DRFO medium and by high 
concentrations (90 mM) of oxalate in the RFO medium. None of the media 
tested allowed for the recovery of oxalate-degrading populations with 
dilutions representing less than 10"^ ml of fermenter material. Media 
containing fumarate and sulfate required a larger inoculum for the estab­
lishment of an oxalate-degrading population than did the other media. 
Nitrate inhibited oxalate degradation at all dilutions of the inoculum 
tested (10~^ to 10"®). 
Attempts were made to stimulate oxalate degradation by adding trypti-
case (0.2%), yeast extract (0.05%), glucose (0.05%), sucrose (0.05%), 
soluble starch (0.05%), hemin (0.0001%) and a volatile fatty acid mixture 
(prepared as described by Caldwell and Bryant, 1966) to the DRFO medium. 
None of the additions tested, either alone or in combination, significantly 
increased the ability of the DRFO medium to support oxalate degradation by 
smaller inocula or decreased the time required for degradation. It was 
noted that the addition of carbohydrates to the medium inhibited oxalate 
degradation. 
Oxalate degradation in all the enrichment media was much slower than 
expected from studies of the populations in adapted fermenter cultures, 
where the populations had generation times of less than 24 hours and could 
be adapted to high rates of oxalate degradation in as little as 4 days. 
The oxalate-degrading populations in these enrichment media contained 
few motile organisms, and were found to be morphologically simpler than 
the populations found in the fermenter. All populations were complex 
mixtures of bacteria which could not be readily distinguished from each 
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other microscopically. This was true even with populations which developed 
on the depleted medium where steps were taken to eliminate all substrates 
except oxalate. 
The bacterial populations from the DRFO medium supplemented with 
acetate and succinate were serially transferred on their respective en­
richment media and on the RFO medium without loss of their oxalate-
degrading ability. After two serial transfers on the RFO medium, these 
populations were both similar (in rates of oxalate degradation and mor­
phology) to the population which was selected and maintained by serial 
transfer on this medium. Since the oxalate degradation patterns, cultural 
characteristics and morphologies of these three populations were similar, 
the populations were considered to be the same and all were routinely 
maintained on the RFO medium. 
Although these enrichment media did not appear to exert sufficient 
selective pressure to eliminate all but a single oxalate-degrading 
organism, they were used to maintain a stable, but slowly growing, popula­
tion of bacteria which degraded oxalate only under anaerobic conditions. 
The populations typically required from 4 to 7 days to degrade the oxalate 
in the RFO medium to non-detectable levels when a 30% inoculum was used. 
Smaller inocula required a longer period for complete degradation. The 
requirement for a large inoculum was characteristic of all the populations 
obtained from the primary enrichment procedures. 
The requirement for a large inoculum was not eliminated by adding 
spent culture medium from a culture of the oxalate-degrading populations 
to the RFO medium or by replacing the rumen fluid with effluent from the 
fermenter culture. Such experiments indicated that the requirement for a 
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large inoculum does not represent the need for some growth factor which 
might be present in the inoculum. 
The time required for oxalate degradation by these primary enrich­
ments was decreased from 4 days to 3 days in experiments where the rumen 
fluid concentration in the RFO medium was increased to 20%. However, 
these populations lost their ability to degrade oxalate when maintained 
on this medium for more than a week (2 serial transfers). 
Methanogenic oxalate-degrading populations Changes in oxalate 
concentration observed in the RFO medium when it was inoculated with a 
10% inoculum of the population obtained from primary enrichment on the RFO 
medium are illustrated in Figure 2. Oxalate degradation by this popula­
tion typically began after about a 48-hr lag period. Degradation was 
fairly rapid, with the oxalate concentration dropping to non-detectable 
levels within about a 48-hr period (Figure 2). The disappearance of 
oxalate was always accompanied by an increased methane concentration in 
the gas phase over the culture medium. Changes in the concentrations of 
other organic acids found in cultures grown on this rumen fluid-containing 
medium were generally very small and could not be related to the changes 
observed in oxalate concentration. 
Figure 3 illustrates the relationship between the total amount of 
oxalate added to the medium and the amount of methane produced after com­
plete oxalate degradation by an enriched population. The amount of methane 
produced was directly related to the amount of oxalate degraded. The 
regression line produced from these data had a slope of 0.27 and passed 
through the y-axis at .010 mmole of methane. There were 3.8 moles of 
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Figure 2. Changes in oxalate concentration and methane production 
during the growth of a primary enrichment population on 
RFO medium in a 125-ml sealed serum bottle. A 10% 
inoculum was used. 
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Figure 3. Methane produced after complete oxalate degradation by the 
primary enrichments in the RFO medium containing different 
concentrations of oxalate. Experiments 1 (^ ) and 2 (•) 
were conducted in 15-ml volumes in 25-ml serum bottles. 
Experiment 3 C«) was conducted in 50-ml volumes in 100-ml 
serum bottles. 
35 
oxalate degraded for each mole of methane produced. The production of 
methane accounted for 95% of the reducing power produced by the oxidation 
of oxalate to CO2. 
The intimate association between oxalate degradation and methane 
production was demonstrated by adding known inhibitors of methanogenesis 
to the RFO medium. Table 6 shows the effects of two such compounds, 
benzyl viologen and chloroform. Both these compounds are known to 
inhibit methane production by rumen contents at low concentrations 
(Bauchop, 1967). Benzyl viologen inhibited oxalate degradation at a con­
centration of 0.52 pM or higher. Wolin and his associates (1964) have 
shown that this concentration of benzyl viologen also inhibits methane 
production and ethanol utilization by the bacterial mixture formerly known 
as Methanobacillus omelianskii. Chloroform also inhibited oxalate 
degradation, but at concentrations greater than 1.0 yM. These data 
suggest that oxalate degradation is closely linked to methane production 
in the primary enrichments. 
Oxalate degradation by the primary enrichments also was found to be 
inhibited by the addition of 45 mM formate to the RFO medium. The changes 
that occurred during the growth of the primary enrichments in such a 
medium are illustrated in Figure 4. Formate was degraded in these cul­
tures and methane was produced; however, the oxalate concentration re­
mained virtually unchanged during the incubation period. The ability to 
degrade oxalate was permanently lost from cultures grown on the formate 
containing medium. When material from such cultures was used to inoculate 
formate-free RFO medium, no oxalate degradation was detected and only 
trace amounts of methane were produced. These formate-grown cultures 
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Table 6. The effects of inhibitors of methogenesis on oxalate 
degradation by a primary enrichment population on RFO 
medium 
Concentration Days required for ^ 
Inhibitor^ yM oxalate degradation 
Benzyl viologen 1.3 -
0.52 -
0.26 6 
0.13 6 
Control 6 
Chloroform 2.0 
-
1.0 -
0.1 11 
0.05 8 
Control 8 
^Chloroform was diluted in absolute ethanol. 0.01 ml of each dilu­
tion was added to 10 ml of medium prior to inoculation. Benzyl viologen 
was diluted in distilled water and sterilized; 0.1 ml of each dilution 
was added to 10 ml of medium. 
Oxalate degradation was measured qualitatively by using the calcium 
precipitation test, - indicates no degradation in 18 days. 
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Figure 4. The effects of 45 mM formate on oxalate degradation and 
methane production by a primary enrichment population in 
RFO medium in a 125-ml sealed serum bottle. A 10% 
inoculum was used. 
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continued to produce methane when transferred to formate-containing media. 
These data indicate that the organism that degraded oxalate was not the 
organisin(s) which produced methane from formate and strongly suggest that 
the oxalate degrader was not a methanogen. 
A similar inhibition of oxalate degradation was observed when hydrogen 
(H2) was added to the gas phase over enriched cultures. The results of 
an experiment demonstrating the effects of two gas phases on oxalate 
degradation and methane production are shown in Figure 5. In the presence 
of the H2:C02 gas phase, no measurable degradation of oxalate occurred in 
the pressurized serum bottles. Methane production was much greater in 
these bottles than in those with a CO2 gas phase. The disappearance of 
hydrogen and decreased pressures in these bottles containing a E2'^^2 
gas phase indicated that methane was produced from hydrogen. In order 
to maintain hydrogen over such cultures, the serum bottles were re-
pressurized daily with H2:C02 gas mixture. Oxalate was degraded in 
control bottles with C02 gas phases, but at a slower rate than was ob­
served in previous experiments. This slow degradation was characteristic 
of cultures inoculated with a 1% inoculum. 
The degradation of oxalate by the enriched populations was believed 
to involve the production of formate and hydrogen as intermediates. The 
utilization of these inhibitory intermediates appeared to be essential to 
the process of oxalate degradation by these mixed populations. Vibrio 
succinogenes and Desulfovibrio strains are known to utilize H2 and formate, 
and have been used as hydrogen-sinks in other ecosystems (lannotti et al., 
1973; Mcinerney et al., 1978). In order to further characterize the 
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Figure 5. The effects of CO2 and H2:C02 (1:1) gas phases on (a) 
methane production and (b) oxalate degradation by the pri­
mary enrichment population in RFO medium in pressurized 
serum bottles. Each point represents the mean of measure­
ments from two bottles. A 1% inoculum was used in this 
experiment. 
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oxalate degrader in the primary enrichments, an attempt was made to sub­
stitute these hydrogen utilizers for the methanogenic portion of the 
population. It was hoped that co-inoculation with rapidly growing hydro­
gen utilizers would stimulate oxalate degradation and decrease the time 
needed for development of the oxalate degraders in the primary enrichments. 
Table 7 shows the results of these co-inoculation experiments. 
Both of the H2-utilizing organisms tested reduced the time required 
for oxalate degradation by the enrichment; however, in both instances, 
a considerable time was still required for complete oxalate degradation. 
In other experiments, the addition of V. succinogenes and fumarate to 
the primary enrichments did not result in a reduction of methane produc­
tion or in an increase in the succinate concentration in the medium, as 
would be expected if fumarate was used as a hydrogen sink. These H2-
utilizing organisms were thus not found to be useful for stimulating 
oxalate degradation and apparently did not relieve the dependence of the 
enrichment on methane production. 
Several attempts were made to isolate oxalate-degrading organisms 
from the primary enrichments on roll tubes of the RFO medium supplemented 
with 2% agar and on PYG medium supplemented with agar. Thirty colonies 
were picked from these media; from these, seven pure cultures of anaerobic 
bacteria were obtained. None of these cultures degraded oxalate in RFO 
medium. The seven pure cultures were placed in four morphologically and 
biochemically distinct groups. Two of the groups contained gram-positive 
cocci which were differentiated by their ability to produce formate on 
PYG medium. The other two groups contained gram-negative rods. The first 
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Table 7. The effects of the hydrogen-utilizing bacteria. Vibrio 
succinogenes and Desulfovibrio sp. Gil, on oxalate 
degradation by the enriched population 
Days required for 
Population^ oxalate degradation^ 
Enriched anaerobic population 10 
Enriched anaerobic population + 8 
Vibrio succinogenes 
Enriched anaerobic population + 7 
Desulfovibrio sp. Gil 
1% inoculum of the enriched oxalate degrading population was added 
to 10 ml of RFO medium. A 10% inoculum from a 24-hr. culture of the 
hydrogen utilizer was added. 
^Oxalate degradation was measured by using the calcium precipitation 
test in duplicate tubes. 
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of these consisted of short rods which were found to utilize mannitol. 
The second group contained longer rods which did not attack mannitol. 
These organisms apparently did not play an important role in the process 
of oxalate degradation in these enriched populations. 
In addition, several attempts were made to enrich and isolate a 
methanogenic organism from the primary enrichments by using the RFO 
medium modified to contain sodium formate rather than sodium oxalate. 
Although these enrichments appeared to contain methanogenic bacteria, 
attempts to isolate a methanogen from these populations were stopped after 
it became apparent that these formate enrichments no longer degraded 
oxalate. 
Enrichment in continuous culture One of the methanogenic, 
oxalate-degrading enrichments was established in a chemostat which was 
fed RFO medium modified to contain 22.5 mM rather than 45 mM sodium 
oxalate. The presence of higher concentrations of oxalate in the medium 
resulted in an accumulation of oxalate in the culture vessel and a very 
unstable oxalate-degrading population which was easily lost from the 
chemostat. The population which developed in the chemostat was fairly 
stable when low levels (22.5 mM) of oxalate were used in the medium feeding 
the culture. Such cultures were maintained for several weeks without 
detectable oxalate accumulation in the culture vessel. The populations 
which developed in the chemostats were still complex mixtures of bacteria. 
Deletion of sodium sulfate from the RFO medium did not alter the ability 
of the oxalate-degrading populations to develop in the chemostat. 
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It was possible to uncouple the process of methane production from 
oxalate degradation in chemostat cultures by increasing the medium flow 
or dilution rate. Figure 6 illustrates the transition that occurred in 
an oxalate-degrading chemostat when the dilution rate was increased. 
At dilution rates of below .039 hr~^, there was no accumulation of formate 
or oxalate in the culture vessel. This type of growth was characteristic 
of the methanogenic population, and such cultures showed an accumulation 
of methane in the gas phase over the culture. When the dilution rate was 
increased to .078 hr~^ and then to 0.195 hr there was a rapid accumu­
lation of formate in the culture vessel. There also was a slight accumu­
lation of oxalate in the culture; however, most of the oxalate in the 
medium was still degraded in these cultures. No methane was detected in 
the gas phase over such cultures. 
A switch from RFC medium to NRF (Table 4) medium did not signifi­
cantly alter the fermentation pattern observed in the chemostat. For­
mate levels were only slightly decreased, and oxalate was degraded at 
rates similar to those observed in the RFC medium. 
Similar experiments demonstrated that the methanogenic population 
was maintained at dilution rates of less than 0.078 hr~^. This sug­
gested that such populations have minimal generation times of about 
13 hr. The uncoupled population was maintained at dilution rates of up 
to 0.41 hr~^. Higher dilution rates resulted in a loss of the oxalate-
degrading population. These results suggested that the oxalate degraders 
in this new population had a minimum generation time of about 2 hr. The 
loss of the methanogenic component of the population was an irreversible 
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Figure 6. Change in oxalate and formate concentration during growth 
of an oxalate-degrading population in an anaerobic chemo-
Stat culture at several dilution rates (hr . 
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change and methanogenesis did not resume after two weeks in the chemostat 
at a dilution rate of .078 hr~^. This procedure provided a useful method 
for further enriching the oxalate-degrading population. 
Preliminary experiments indicated that the methanogenic primary en­
richment could be maintained on NRF medium in batch culture. The rapidly 
growing chemostat cultures were used to further define a minimal non-
rumen fluid medium which would support the growth of the formate pro­
ducing uncoupled population in a series of deletion experiments. In these 
experiments, growth of the cultures was considered to be in a time inde­
pendent steady state and free from the lag period effects observed in 
batch cultures. In all experiments, oxalate degradation rates were com­
pared in two parallel cultures prepared from the same inoculum. One 
chemostat culture was fed the RFO medium containing 22.5 mM oxalate. The 
other culture was fed the experimental NRF medium. A decrease in the 
rate of oxalate degradation in the NRF fed chemostat relative to the RFO 
control was considered to be an indication that the medium would not 
support growth of the oxalate degrader as well as the RFO medium. Rates 
were measured by using ^^C02 production from labeled oxalate, but were 
also reflected in some cases by a buildup of oxalate in the culture 
vessels. 
Table 8 shows the relative changes in oxalate degradation rates ob­
served when specific components were deleted from NRF medium. The changes 
observed were not as drastic as expected. This made it difficult to 
interpret the results of these experiments in terms of specific growth 
requirements for the oxalate-degrading population. The complete NRF 
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Table 8. The effects of deleting medium components from the non-
rumen fluid medium on oxalate degradation rates in 
anaerobic chemostats containing the uncoupled population^ 
Media Relative rates of oxalate degradation^ 
Days in continuous culture^ 
1 4 
Complete non-rumen 
fluid medium 0.82 3.32 
without Trypticase 1.25 0.65 
without VFA 0.75 0.78 
without Yeast Extract 0.78 0.22 
with Hemin^ 2.17 1.09 
without Trypticase and VFA 1.54 0.35 
&A11 cultures were inoculated with material from a previously estab­
lished chemostat fed the RFO medium. 
^The relative rates shown are the ratio between rates in two parallel 
cultures established from the same inoculum. One culture was established 
by feeding the experimental medium and the other control culture was fed 
the RFO medium (with 22.5 mM sodium oxalate). 
^Rates were determined at 1 and 4 days after inoculation in both 
cultures. The dilution rate in the chemostat was 0.078 hr~^. In this 
situation, little or no methane was produced in the control culture. 
^Hemin (in ethanol: 0.2M KOH [1:1]) was added to give a final con­
centration of 0.0001%. 
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medium slightly depressed oxalate degradation on day 1; but by day 4, 
degradation rates in the chemostat were three times those observed in the 
RFO medium control. The NRF medium appeared to be a good medium for 
maintaining the uncoupled population in the chemostat cultures. Addition 
of heme to the medium failed to significantly increase the oxalate degra­
dation rate by day 4. Deletion of yeast extract from the medium de­
creased the relative rate by about 80% by day 4. Deletion of both trypti-
case and the VFA mixture caused about a 70% reduction in rates by day 4, 
but deletion of either of these components alone only slightly decreased 
the relative rate. These results suggest that growth of the oxalate-
degrading organisms in the mixed population was dependent upon components 
in yeast extract, trypticase and the VFA mixture. 
Uncoupled population The non-methanogehic population which de­
veloped in the chemostat cultures at high dilution rates could be main­
tained in batch cultures grown either on RFO medium or NRF medium. 
This population required strict anaerobic conditions for oxalate degrada­
tion. Microscopic examination showed that this population was still a 
complex mixture of bacteria which could not be readily distinguished 
from the primary enrichment populations. 
The growth characteristics of the uncoupled population were quite 
different from the methanogenic population from which it was derived. 
The uncoupled population degraded oxalate in RFO medium to non-detectable 
levels within about 12 hours when a 1% inoculum was used. No methane 
could be detected in the gas phase over these cultures. This population 
was not subject to inhibition by formate and H2> which had been observed 
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in the methanogenic enrichments. Gas chromatography of organic acids 
from the medium after complete oxalate degradation indicated that formate 
was the major end product. 
Effects of the oxalate concentration Both the methanogenic and 
uncoupled oxalate-degrading populations were shown to grow in response to 
the oxalate concentration in the medium. Figure 7 illustrates the growth 
responses of a methanogenic population to two different concentrations 
of oxalate in RFO medium and a control medium without oxalate. A 30% 
inoculum was used in this experiment and accounts for the high optical 
density observed at the beginning of the experiment. Growth occurred in 
all three of the test media. The net maximum optical density attained 
appeared to be related to the oxalate concentration in the medium. Dry 
weight measurements on five different 10-ml samples indicated that there 
were .61 ± .07 mg dry wt/ml/OD unit (mean ± SD). This was used to cal­
culate a dry weight yield at the maximum CD (Yqx) of 1.68 ± .24 g dry wt/ 
mole (n = 3). In this experiment, maximum optical densities were reached 
in from 1 to 3 days and corresponded to the time when oxalate degradation 
was complete. The time required to reach maximum growth also appeared 
to be a function of the oxalate concentration in the medium; the highest 
concentrations required the longest period to reach a maximum optical 
density. 
The growth responses of the uncoupled population to different con­
centrations of oxalate in the medium are shown in Figure 8. Growth was 
much more rapid in the uncoupled population than in the methanogenic 
population and maximum optical densities occurred in about 24 hours in 
all three media. Again, growth was observed at all three concentrations 
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Figure 7. Growth curves showing optical density changes observed 
when the primary enrichment cultures were grown on 45 mM 
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51 
of oxalate. The net maximum optical density was proportional to the 
oxalate concentration in the medium. The optical densities differences 
were somewhat less than those observed in similar experiments with the 
methanogenic populations. Assuming that the cell yields per optical 
density unit were the same for both the methanogenic and uncoupled popu­
lations, it was possible to calculate a YQ^  of 1.02 ± .24 g dry wt/mole 
(n = 3) for this population. This yield was 40% less than that observed 
with the methanogenic population under similar growth conditions. 
Enrichment in the coliform-depleted medium Colonies developed 
in about 3 days on RFO medium roll tubes which were inoculated with 
dilutions (representing 10"^ to 10~® ml) of a 24-hr culture of the un­
coupled population. Material from each of 10 morphologically similar 
colonies taken from a tube representing 10"^ ml of the uncoupled popula­
tion was used to inoculate tubes of RFO medium. Although growth was 
observed in all 10 of these culture tubes, oxalate was degraded in only 
2 of the tubes. This was the first successful attempt to pick oxalate-
degrading material from roll tubes; however, close microscopic examination 
indicated that neither of the oxalate-degrading broth cultures were pure. 
Attempts to further purify these cultures on RFO roll tubes and to obtain 
a pure oxalate-degrading culture from other colonies on RFO roll tubes 
failed to yield a pure culture. 
All of the oxalate-degrading cultures examined during these isola­
tion attempts appeared to be contaminated with similar organisms. These 
organisms grew on the RFO medium, but did not degrade oxalate. They also 
grew aerobically on blood agar plates which made them easy to isolate 
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and identify. Microscopic examination showed that all the contaminants 
were gram-negative, motile rods. Biochemical testing indicated that 
these organisms were lactose-positive, hydrogen sulfide-negative and 
indole-positive. The organisms grew with the production of gas and 
PYG and produced a green metallic colony on Eosin Methylene Blue agar 
plates. On the basis of these characteristics, the organisms were 
classified as strains of Escherichia coli. Coliform counts on MacConkey 
agar indicated that these organisms grew in RFO medium at concentrations 
Q 
of around 10 cells/ml. These numbers were apparently greater than the 
numbers of oxalate degraders and high enough to prevent the development 
of a coliform-free, oxalate-degrading colony on roll tubes containing 
RFO medium. 
In order to decrease the relative numbers of the coliform in the 
oxalate-degrading cultures, a coliform-depleted medium was developed. 
The RFO medium was prepared in a 300-ml volume and was inoculated with 
the purified coliform. The medium was incubated anaerobically for 4 days 
at 37 C. During this period, coliforms grew and depleted the medium of 
preferred substrates. This coliform-depleted (CD) medium was sterilized 
in an autoclave and clarified by centrifugation. The medium was then 
used to prepare a broth enrichment medium and roll tubes for the further 
enrichment and isolation of the oxalate-degrading organisms. 
Table 9 compares the growth of the coliform and the oxalate degrader 
on the RFO, CD, and oxalate-free RFO media inoculated with a contaminated 
oxalate-degrading colony. Coliform counts on the CD medium were less 
than 22% of those observed in RFO medium. In addition, the rates of 
oxalate degradation in CD medium were twice those observed in RFO medium. 
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Table 9. Comparison of coliform counts and rates of oxalate degradation 
on depleted and non-depleted media inoculated with coli-
containing, oxalate-degrading populations^ 
c d 
^ Coliform Rate of oxalate 
Media counts/ml degradation (nmole/ml/hr) 
Rumen fluid oxalate 3.5 x 10^ 1564 
medium 
Coliform-depleted 7.6 x 10^ 3747 
medium 
Oxalate-free rumen 8.3 x 10^ 38 
fluid medium 
^All media were inoculated with a 1% inoculum. 
^All media, except the oxalate-free medium, contained 45 mM sodium 
oxalate. The coliform-depleted medium was prepared as described in the 
text. 
^Coliform counts were made after dilution in 0.1% peptone water and 
plating on MacConkey agar plates. 
^Rates were determined with ^^C-labelled oxalate as described in 
the Materials and Methods. 
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This depleted medium appeared to be suitable for increasing the relative 
numbers of the oxalate-degraders and was used to further enrich the 
contaminated oxalate-degrading cultures. 
Isolation of an oxalate degrader Several of the coliform-
contaminated, oxalate-degrading cultures were enriched by four consecutive 
daily transfers on CD medium. One of these low-coliform cultures was 
diluted and used to inoculate roll tubes prepared with the CD medium 
supplemented with 2% agar. Colonies developed very slowly on this medium 
and were allowed to grow for 3 days before they were picked. All of the 
12 cultures in CD medium, grown from colonies, picked from a roll tube 
containing 10~® ml of the low coliform culture, degraded oxalate. All 
except one of these cultures appeared to be pure cultures, and were 
assigned strain numbers OxA through OxL. 
No growth was noted when the isolates were used to inoculate aerobic 
blood agar plates, MacConkey agar plates, anaerobic PYG tubes and RFO 
medium without oxalate. This indicated that the isolates were free from 
contaminants which would grow on these oxalate-free media. Several of 
the isolates were diluted and used to inoculate RFO roll tubes. Only 
one colony type was seen on these tubes and all colonies picked from such 
tubes degraded oxalate in RFO medium. None of the isolates showed evi­
dence of contamination when examined microscopically. 
Colony morphology of the isolates The colonies produced by the 
oxalate degraders on roll tubes of RFO medium developed rather slowly. 
No growth was apparent after 24 hr of growth. By 48 hours, microscopic, 
transparent colonies could be seen on the surface of the roll tubes. 
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These surface colonies grew into droplet-like colonies on the third day 
of incubation. Smaller, subsurface colonies could be seen at this time. 
These colonies were round, transparent, and barely visible with the aid 
of a microscope. Colonies reached their maximum size by the fifth day. 
The surface colonies were still small but were visible with the naked 
eye. These were round, colorless and transparent colonies with entire 
edges and shiny surfaces. Subsurface colonies were very similar in 
appearance, but were lenticular in shape and much smaller than the surface 
colonies. 
Morphology of the isolates The oxalate-degrading isolates were 
all gram-negative, non-motile, non-spore-forming, curved rods of varying 
lengths. These organisms often formed long filaments which did not appear 
to represent chains of cells. Occasionally, the isolates produced spirals 
and tightly coiled filaments. This characteristic did not occur in all 
the samples examined and has not been correlated with any physiological 
or cultural change in the organisms. 
Storage of the oxalate-degrading isolates All of the oxalate-
degrading isolates were recovered from slant cultures grown on RFO medium 
(supplemented with 2% agar) and frozen at -50 C. In addition, concentrated 
cell preparations (lOx) of OxB in skim milk were lyophilized and stored 
under a nitrogen atmosphere in sealed vials. This oxalate degrader was 
easily recovered from such preparations after storage for 3 months at room 
temperature by culture in RFO medium. 
Characteristics of strain OxB Preliminary studies indicated that 
all of the oxalate-degrading isolates were similar. One isolate was 
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selected as a representative strain and was used for most of the charac­
terization studies. 
Strain OxB was a strict anaerobe and would not grow in RFO medium 
when the resazurin in the medium turned red (indicating the presence of 
oxygen). Growth or oxalate degradation by the bacterium was not inhibited 
by the presence of H2 in the gas phase over the medium. The organism 
grew and degraded oxalate in NRF medium, but the presence of a cloudy 
precipitate made it difficult to study growth characteristics in this 
medium. 
Several attempts were made to grow this organism in the conventional 
media used for the biochemical differentiation of anaerobic bacteria, as 
described by Holdeman and her associates (1977); but none of these media 
would support the growth of OxB. For this reason, it was not possible to 
use these standard biochemical tests to identify this isolate. 
Minimal medium Table 10 shows the effects of altering the con­
centrations and deleting various components of the RFO medium on the 
growth of strain OxB. The only component which appeared to be required 
for the growth of this strain, other than oxalate, was yeast extract. 
The growth of OxB was not significantly increased in the presence of 0.2% 
yeast extract, compared with growth obtained in the presence of 0.1% 
yeast extract. Deletion of rumen fluid or sodium sulfate from the medium 
did not affect the maximum growth of OxB, Other experiments indicated 
that OxB could be maintained on a minimal oxalate (MO) medium which con­
tained yeast extract, minerals, sodium carbonate, cysteine and sodium 
oxalate. Rumen fluid (10%) was added to this medium to produce a modified 
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Table 10. The effects of yeast extract, sodium sulfate and rumen fluid 
on the growth of strain OxB 
Percentage Maximum absorbance 
Component^ in medium at 600 nm^ 
Yeast extract 0 .085 
.05 .171 
.10 .200 
.20 .200 
Sodium sulfate 0 .180 
.1 .180 
.2 .175 
.4 .180 
Rumen fluid 0 .157 
5 .160 
10 .145 
20 .160 
^The concentration of each component was altered in separate experi­
ments. Components were deleted or added to the medium at concentration 
2x, Ix and 0.5x the concentration in the RFC medium. 
^Growth was measured as the maximum absorbance observed within 24 hr. 
The values shown are the means of two measurements in separate 13 x 
100 mm tubes inoculated with a 1.0% inoculum. 
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rumen fluid medium (MRFO); this medium was used for routine maintenance 
because it was easy to keep this medium reduced. This medium also ap­
peared to support more complete oxalate degradation when oxalate concen­
trations of greater than 45 mM were used. 
The effects of oxalate concentration on the growth of OxB in MRFO 
medium are shown in Figure 9. There was a linear growth response to 
oxalate concentrations between 0 and 1.5%. Growth did occur in media con­
taining oxalate concentrations greater than 1.5%, but this occurred only 
after an extended lag period of more than 24 hr (not shown in Figure 9). 
Growth at these high oxalate concentrations was no greater than that ob­
served in media containing 1.5% sodium oxalate. Half maximal growth 
occurred when about 0.6% (45 mM) sodium oxalate was incorporated into the 
medium. The regression line between 0 and 1.5% sodium oxalate had a 
slope of .0133 OD units/mg/ml, which is equivalent to 1.78 OD units/mmole 
of oxalate/ml. 
Figure 10 shows the growth curve observed when OxB was grown on the 
MO medium supplemented with 90 mM sodium oxalate. On this medium, 
oxalate degradation was not complete; oxalate levels, as determined by 
gas chromatography, dropped from 95 mM to about 32 mM. During this period 
of oxalate degradation, formate was produced. The optical density in 
this medium increased rapidly after about an 11-hr lag period. Maximum 
optical densities were observed after about 18 hr of incubation. The 
growth of .OxB was characterized by a sharp decline in optical density at 
the end of the exponential growth period. Similar growth curves were seen 
when other media and oxalate concentrations were used. When MRFO medium 
was used, oxalate degradation was usually complete and the maximal optical 
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Figure 9. The effects of oxalate concentration on the maximum growth 
observed (as measured by absorbance in 24 hr) of OxB in 
modified rumen fluid oxalate medium. Optical densities 
were determined in 13 x lOO-iran tubes containing 5 ml of 
medium and inoculated with a 1% inoculum. 
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density was higher than that shown in Figure 10. The maximal optical 
densities attained in this rumen fluid medium were similar to those 
illustrated in Figure 9. The increased growth in MRFO medium probably 
reflects increased oxalate utilization in this medium. 
The rapid decline in optical density observed at the end of the 
exponential growth was not associated with any particular change in the 
cultures. Some evidence suggests that the growth of the oxalate degrader 
and the rates of degradation were inhibited by some component in the 
culture medium at late stages of growth. Table 11 shows that washed 
cells from a stationary culture of OxB in MRFO medium degraded oxalate 
at a rate which was twice that observed when the cells were suspended 
in culture medium. Such data suggest that some product of the oxalate 
degrader inhibited oxalate degradation and the growth of the organism. 
A similar type of inhibition may account for the incomplete oxalate degra­
dation observed in MO medium (Figure 10). 
Dry weight yields of OxB Figure 11 shows the relationship ber-
tween optical density and dry weights of OxB cells in exponential growth 
in MRFO medium. Regression analysis of 14 samples gave a correlation co­
efficient of 0.95. The slope of the regression line was 660 ng/ml/OD 
unit. Using these data and those shown in Figure 9, a YQX for OxB of 
1.1 g dry wt/mole was calculated. 
End products from strain OxB Table 12 shows the changes in or^ 
ganic acid concentrations before and after growth of OxB on MRFO medium 
as determined by gas chromatography. Only small changes were noted in 
the concentrations of acetate, propionate, butyrate, and phenylacetate. 
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Table 11. Comparison of oxalate degradation rates of OxB cells test 
in either growth medium or as washed cells 
Cells 
Rate of oxalate degradation 
nmole/ml/hr 
Cells in growth medium 
Washed cells 
Medium without cells 
2384 
4034 
0 
Cells were taken from a 24-hr culture in MRFO medium after complete 
oxalate degradation. The washed cells were pelleted by centrifugation 
and were resuspended in an equal volume of anaerobic dilution solution. 
^Rates were determined as indicated in Materials and Methods. 
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Table 12. Changes in organic acid concentration after the growth of 
OxB in modified rumen fluid oxalate medium 
Acid^ Concentration (mM) 
Control 24-hr culture 
Formate ND 40.79 
Acetate 4.03 3.54 
Propionate 0.61 0.54 
Butyrate 0.36 0.31 
Valerate 2.74 2.74 
Caproate 1.70 0.50 
Oxalate 43.39 ND 
Phenylacetate 3.17 2.70 
^Acids were measured by gas chromatography as described in Materials 
and Methods. 
^Concentrations are the means of two measurements of 0.5 ml samples. 
ND indicates no acid was detected. 
The caproic acid peak in these chromatograms was found to be an artifact 
produced whenever oxalate was present in a sample. The changes in 
caproate concentration seen in this experiment only reflected changes in 
the oxalate concentration. All of the oxalate (45 mM in medium) was de­
graded in the 24-hr culture, and formate was produced as a major end 
product. In addition, no alcohols were detected as end products when 
OxB was grown in MRFO medium. Methane, H2S or H2 were not detected when 
the gasses over the culture were analyzed. 
In this experiment, the formate produced accounted for about 95% 
of the reducing power produced by the degradation of oxalate and about 
47% of the oxalate carbon. The mean of six replicate formate measure­
ments from one experiment was 33.05 ± 7.08 mM. The large standard 
deviation in this measurement reflected the large amount of variability 
in formate measurements obtained by the gas chromatography method. It 
was not uncommon to show formate yields of less than 35% of the total 
oxalate carbon added to the medium. Similar variations were seen in 
measurements on formate standards. This variation made the gas chromato­
graphic measurements of formate unsuitable for carbon balance studies. 
Distribution of label in end products Table 13 shows the distri­
bution of radioactivity in end products produced from ^^C-oxalate during 
the growth of OxB in MO medium. Oxalate degradation appeared to be 
complete, as indicated by the gas chromatographic analysis. Of the total 
label present, 49% was recovered in CO2. When C02-free samples were 
subjected to steam distillation, 38% of the label was recovered in the 
distillate. This volatile label was believed to represent the end product, 
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Table 13. Distribution of ^'^C-labelled carbon after growth of OxB 
in minimal oxalate medium containing ^^C-oxalate 
Uninoculated 24-hr^ 
control culture 
Total cpm/ml 5.68 X 10® 5.75 X 10® 
(100%) 
cpm/ml in CO2 5.0 X 10^ 2.82 X 10® 
(49%) 
cpm/ml in steam distillate 2.1 X 10^ 2.06 X 10® 
(38%) 
cpm/ml in formate 
(ion exchange column) 
-
2.54 X 10® 
(44%) 
Total cpm/ml in formate 
and CO2 
- 5.36 X 10® 
(93%) 
b 
Gas chromatography 
Oxalate (mM) 33.7 ± I.9C 0.0 
Formate (iriM) 0.0 33.1 ± 7.1 
^Numbers in parentheses represent the percentages of the total 
radioactivity. 
^The uninoculated medium contained sodium hydroxide as indicated in 
the Materials and Methods. 
^Concentrations are the means of six determinations with corresponding 
standard deviations. 
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formate; however, the percentage of the label recovered in the distillate 
was less than was expected if oxalate was being stoichiometrically de­
graded to CO2 and formate. Further investigation revealed that the 
steam distillation system used for this separation recovered only about 
80% of the radioactivity in ^^C-formate standard. Thus, steam distilla­
tion was a poor technique for quantitatively separating formate from this 
medium. 
Improved formate recovery was obtained by using ion exchange chroma­
tography. The elution patterns of a standard, labeled oxalate-formate 
mixture and of the culture medium after the growth of OxB are shown in 
Figure 12. The retention time for formate was 35 to 40 min. Oxalate 
produced a wider peak which was eluted at about 5.5 hr. Chromatography 
of the culture medium resulted in one radioactive peak, which corresponded 
to the formate peak of the standard. A total of 2.54 x 10^ cpm/ml was 
recovered in this peak, which accounted for about 44% of the label from 
oxalate. In all, 93% of the label from oxalate was recovered in CO2 and 
formate, indicating that these two compounds were the two major end 
products of oxalate degradation by OxB. 
Substrate range of OxB Several substrates were tested for their 
ability to support the growth of OxB. These substrates (at concentrations 
of 45 mM) were tested in the presence and absence of 45 mM oxalate in the 
MRFO medium. None of the following compounds supported growth of the 
oxalate degrader or increased yields (as measured by optical density); 
acetate, alanine, aspartate, ethanol, formate, glucose, glycine, gly-
oxylate, lactate, and pyruvate. Glyoxylate and pyruvate completely 
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Figure 12. Elution patterns observed during the separation of for­
mate and oxalate on a AGI x 10 ion exchange column. The 
samples were eluted with 0.02 M sodium chloride in 0.015 N 
hydrochloric acid from an 8 mm x 15 cm column, a) Pattern 
from a ^^C-fonr.ate and ^^C-oxalate standard, b) Pattern 
from a 24-hr culture of OxB grown with ^^C-oxalate. 
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inhibited oxalate degradation in MRFO medium. It also was shown that 
oxamate, malonate and succinate did not support the growth of the oxalate 
degrader in medium devoid of oxalate. 
OxB thus appears to have a very narrow substrate range. The only 
compound known to support this organism is oxalate. 
Antibiotic susceptibility The effects of several antibiotics on 
the growth of OxB in MRFO medium are shown in Table 14. This organism 
was resistant to kanamycin, neomycin and streptomycin. Antibiotics of 
this group are known to be active against many gram-negative bacteria, 
but are often not active against strict anaerobes (Davis et al., 1969). 
In addition to these antibiotics, OxB was resistant to 1000 jjg/ml of 
monesin. 
OxB was not inhibited by the presence of 10.4 yM benzyl viologen in 
MRFO medium. This concentration of methane inhibitor is 20 times that 
found to inhibit oxalate degradation in the methanogenic primary enrich­
ment. 
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Table 14. The antibiotic susceptibility of OxB in modified rumen fluid 
oxalate medium 
Antibiotic Concentration^ 
Absorbance 
(600 nm) . b Reaction 
Control - .190 -
Choramphenicol 2 .005 Sen 
Kanamycin 6 .200 Res 
Colistin 2 .000 Sen 
Erythromycin 3 .000 Sen 
Vancomycin 6 .170 Res 
Neomycin 6 .160 Res 
Cephalothin 6 .145 Res 
Rifampin 1 .015 Sen 
Clindamycin 1.1 .005 Sen 
c 
Streptomycin 2 .190 Res 
Penicillin G 2 .190 Res 
^Concentrations are in yg/ml except for penicillin which is in 
units/ml. 
^Reactions were interpreted as sensitive (Sen) or resistant (Res). 
^Streptomycin and Penicillin G were added to the medium from 250 
yg/ml and 1,000 units/ml stock solutions, respectively. These solutions 
were prepared in sterile distilled water under CO2. 
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DISCUSSION 
This paper describes the first successful isolation of an an­
aerobic oxalate-degrading bacterium from an oxalate-adapted population 
of rumen bacteria. This isolation confirms the results of earlier studies 
which suggested that oxalate degradation in the rumen is due to the action 
of an anaerobic organism (Allison et al., 1977). The oxalate-degrading 
isolates, represented by OxB, are strict anaerobes that can utilize oxalate 
as a major carbon and energy source. This gives these organisms the 
ability to grow rapidly when oxalate concentrations increase in the rumen, 
and thus can account for the increased oxalate degradation rates observed 
in rumen contents of oxalate-adapted animals. 
Oxalate is apparently not metabolized by many organisms in the 
rumen (Allison et al., 1977). The newly isolated, oxalate utilizers 
have a very narrow substrate range and occupy a unique ecological niche 
in the rumen. Many plants ingested by ruminants have a measurable 
oxalate content (Rumsey et al., 1967). The repeated intakes of low 
concentrations of oxalate could allow these bacteria, in the absence of 
competition, to maintain themselves in low numbers in the rumen. This 
hypothesis could account for the low, but measurable, rates of oxalate 
degradation observed in animals fed an alfalfa diet. The survival of 
the oxalate degraders in the rumen of such animals means that adaptation 
to oxalate-containing feeds does not require the addition of a new 
organism with the feed, as suggested by Dodson (1959). Adaptation 
results, instead, in the selection of an organism which is already in 
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the rumen at low concentrations. This view is supported by the fact 
that rumen populations can be adapted in fermenter cultures by adding 
only sodium oxalate (unpublished work by M. J. Allison and H. M. Cook). 
The habitat of OxB or similar anaerobic, oxalate-degrading bacteria 
may not be limited to the rumen. Organisms with characteristics similar 
to those described for OxB could be responsible for oxalate degradation 
in other anaerobic environments (Barber and Gilmore, 1940; Bruce and 
Bredehom, 1961; Shirley and Schmidt-Nielsen, 1967). Such oxalate 
utilizers would be well-suited for growth in the gastrointestinal tract 
of animals, where oxalate is found in varying concentrations and an­
aerobic conditions predominate. 
The primary enrichment media used in this study were useful for 
the partial enrichment and maintenance of oxalate-degrading populations, 
but were not selective enough to allow for the growth of the oxalate-
degrading organisms at concentrations which could be used for isolation. 
Attempts to increase the selectivity of these media by adding other sub­
strates or by using depletion procedures were not successful. All of 
these media supported the growth of a coliform, a methanogen and at 
least four other anaerobic bacteria. None of these satellite organisms 
were directly responsible for oxalate degradation, but grew at concentra­
tions which made them easy to isolate or detect. 
The growth of these satellite organisms was apparently supported by 
one of two sources of substrates: 1) those which were already present in 
the enrichment medium, and 2) those which were produced during growth 
of the oxalate degrader. Some of the organisms which grew on the first 
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group of substrates were eliminated or reduced in numbers in the chemo-
stat and by enrichment in the coliform-depleted medium. This latter 
enrichment medium was very useful in decreasing the relative numbers 
of coliforms in the mixed populations. Organisms, such as the methanogen, 
that grew on substrates produced by the oxalate degrader were eliminated 
only at high dilution rates in the chemostat cultures. This type of 
selection process, based on differences in bacterial growth rates, was 
an integral part of the enrichment procedure used in this investigation 
and resulted in a population which was sufficiently enriched to allow 
for the formation of colonies of oxalate-degrading bacteria on roll tube 
media. 
The chemostat enrichment procedures were very complex and required a 
great deal of time. This made enrichment of the oxalate degraders diffi­
cult. Further characterization of the oxalate degraders may allow for 
the development of a primary enrichment medium that can be used to elimi­
nate the need for this complex step. An ideal enrichment medium would 
suppress the growth of many of the satellite organisms and would stimulate 
the growth of the oxalate degrader. A better enrichment medium may 
facilitate the isolation of similar oxalate degraders from other an­
aerobic environments. 
The growth yield data, summarized in Table 15, indicate that there 
are differences in the cell yields produced by the methanogenic enrichments 
and those produced by the uncoupled population and the pure culture of OxB. 
These differences are not unexpected in view of the differences in the 
end products produced by each of these cultures and free energy changes 
Table 15. Free energy changes and dry weight cell yields for anaerobic oxalate degradation 
by enrichment cultures and the pure isolate, OxB 
AG° AG° /oxalate ^oxalate 
Equation Kcal/mole Kcal/mole g dry wt/mole 
Primary enrichment 
4 oxalate" + 5 H2O ->• 3H+ + CH4 + 7HCO3" -71.5 -17.9 1,7 
Uncoupled population 
oxalate"" + H2O HCOj" + H"*" + formate -10.1 -10.1 1.0 
Pure culture OxB 
oxalate" + H2O HCO3 + + formate -10.1 -10.1 1.1 
^Free energy changes were calculated from the data given by Thauer et al., 1977. 
^Yields per mole of oxalate were determined as indicated in Materials and Methods. 
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predicted for their formation. The methanogenic, primary enrichments 
produced methane and C02 as major end products and had a YQ^ of about 
1.7 g dry wt/mole. The YQX for this population apparently reflects the 
growth yield from two different processes: 1) the cell mass which re­
sults from the growth of the oxalate degrader, and 2) the cell mass pro­
duced during the growth of the methanogenic portion of the population. 
Yield data from both the pure isolate, OxB, and the uncoupled population 
accounted for a Yqx of 1.1 g dry wt/mole. The growth of the methanogenic 
portion of the population would account for the differences observed be­
tween the YQX of the pure isolate and the YQ^ of the primary enrich­
ments. This difference is about 0.6 g dry wt/mole and appears to result 
from the utilization of formate by the methanogenic component of the 
primary enrichments. 
The data in Table 15 compares the relative proportions of the energy 
released during the degradation of oxalate to C02 and formate with that 
released when methane is an end product. The amount of energy released 
during anaerobic degradation of oxalate appears to be roughly propor­
tional to the cell yields produced by the different populations and 
cultures. The oxalate degrader in pure culture produced about 64% of 
the cell mass produced by the methanogenic enrichment. This percentage 
is of the same order as that predicted from the standard free energy 
changes. The degradation of oxalate to formate and C02 accounted for 
about 57% of the energy released by the degradation of oxalate to methane 
and C02. This suggests that the oxalate degraders can utilize the free 
energy released during oxalate degradation as efficiently as the 
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methanogen can utilize the energy released during formate degradation 
in the primary enrichment. 
The estimated yields for the methanogenic portion of the primary 
enrichments approximated those observed with other methanogenic bacteria 
grown on Hg. Methanobacterium MoH was reported to yield about 0.62 g 
dry wt/mole during growth on H2 (Robertson and Wolfe, 1970). Similar 
yields of from 0.15 to 0.40 g dry wt/mole of H2 utilized have been re­
ported for Methanobacterium thermoautotrophicum (Taylor and Pirt, 1977). 
The growth yields for OxB on oxalate were different from the growth 
yields of any other known oxalate utilizer. Dijkhuizen and co-workers 
(1977) showed that the Yox for Pseudomonas oxalaticus was about 3.8 g 
dry wt/mole. This value is about three times that observed for the an­
aerobic oxalate degrader. 
Energy production in Pseudomonas oxalaticus and other known oxalate-
degrading organisms apparently results from the oxidation of formate 
(Dijkhuizen, Wiersma and Harder, 1977; Jakoby and Bhat, 1958). In 
aerobic oxalate degraders, this oxidation appears to be accomplished via 
a respiratory chain that uses oxygen as a final electron acceptor. OxB 
did not grow under aerobic conditions and apparently does not utilize 
any of the common electron acceptors used in other anaerobic systems. 
This organism does not appear to use the process of formate oxidation 
for energy production, since formate accumulates as a major end product 
of oxalate degradation. This makes OxB physiologically different from 
the aerobic oxalate degraders. The anaerobic oxalate degrader also pro­
duces smaller cell yields than were observed with aerobes, but appeared 
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to gain sufficient energy for growth from the reaction which resulted 
in the degradation of oxalate to CO2 and formate. 
The mechanism for production of biologically useful energy during 
degradation of oxalate in these anaerobes is not known, but it does 
not appear to be similar to any known energy-producing mechanism. The 
proposal of a mechanism for ATP production from a respiratory chain 
that produces formate as a reduced end product is unprecedented. Such 
a mechanism would require both the oxidation of oxalate to CO2 and the 
reduction of CO2 to formate. CO2 reduction is rare in catabolic or 
energy-producing systems; methanogenic bacteria are the principal 
exception. These organisms reduce CO2 completely to form methane, and 
do not reduce CO2 to formate. 
The total energy change for the reaction which results in the forma­
tion of CO2 and formate from oxalate is rather small (-10.1 kcal/mole). 
However, theoretically, this is enough energy to allow for a substrate-
level phosphorylation mechanism and the synthesis of ATP from ADP and 
inorganic phosphate (a reaction with a free energy change of 7.6 kcal/ 
mole) (Thauer et al., 1977). This mechanism would require the net syn­
thesis of a high energy intermediate, such as formyl-CoA, that could be 
used in a coupled reaction sequence to drive the phosphorylation reaction. 
The existence of such an intermediate is not without convention, since 
in Pseudomonas oxalaticus, oxalate is activated to produce oxalyl-CoA 
(Quayle, 1953a) prior to the action of the decarboxylase. Elucidation 
of such a mechanism for ATP synthesis requires further study of the de­
carboxylation mechanism in cell-free extracts to determine what co-factors 
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are required and to determine if, in fact, ATP synthesis can be associated 
with this enzyme system. 
If energy for growth arises from an activated intermediate, e.g. 
formyl-CoA or formyl-phosphate, a reaction providing for the net synthesis 
of the high energy bond in the intermediate or its precursor is needed. 
Growth yields for OxB (Yqx of 1.1 g dry wt/mole) are much less than the 
mean of 10.5 g dry wt/mole predicted by Bauchop and Elsden (1960) for 
yields per mole of ATP. This suggests that much less than one mole of 
ATP are formed for each mole of oxalate degraded. It appears likely that 
the net synthesis of a high-energy intermediate is not due to a "simple" 
substrate-level phosphorylation mechanism which results in the synthesis 
of one mole of ATP per mole of oxalate degraded, but requires a much more 
elaborate reaction sequence. 
The characteristics of the enriched populations and of the pure 
oxalate-degrading isolates suggest a pathway for oxalate degradation in 
the anaerobic environment of the rumen which is closely associated with 
methanogenesis. The first step in the degradation pathway is carried out 
by the primary enrichments, the uncoupled population and the pure isolates. 
It results in the degradation of oxalate to formate and CO2. Studies 
with OxB indicate that 93% of the carbon in oxalate can be found in these 
two end products and suggest that oxalate is stoichiometrically converted 
to formate and CO2 by these organisms. This process apparently provides 
energy for the growth of the oxalate degrader, as well as formate which 
can be utilized as a substrate by the methanogens. 
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In the rumen, the formate produced during the degradation of oxalate 
would be rapidly utilized by the methanogenic portion of the population 
for methane production (Carroll and Hungate, 1955). Formate utilization 
in the rumen involves the formation of H2 and CO2 intermediates (Hungate, 
1967). It is not known if the methanogens are involved directly in the 
degradation of formate in the rumen, but as discussed later, a third 
organism may mediate hydrogen formation from formate in the primary en­
richments . Both H2 and formate have the same inhibitory effects on 
oxalate degradation by the primary enrichments. This suggests that 
these compounds act similarly as intermediates in the methanogenic 
pathway in these enriched populations. This is probably due to the 
rapid degradation of formate to H2 and CO2 in these cultures. 
The final steps in the methanogenic pathway in the rumen involve 
the utilization of the H2 intermediate to produce methane (Hungate, 
1967). A similar process appears to be carried out by the primary en­
richment. The effects of the inhibitors of methanegenesis, benzyl 
viologen and chloroform, on oxalate degradation suggest that there is 
a close association between these two processes in these populations. 
The reason for the close association between the methanogenic portion 
of the population and the oxalate degraders in the primary enrichments 
is not known, but these methanogens may be important in removing the 
inhibitory effects of H2 and formate. It was, however, found that other 
H2-utilizing bacteria did not fill the role of the methanogens in these 
enrichment media. 
Similar types of interactions have been described by a number of 
investigators and appear to be common to many anaerobic systems (Zeikus, 
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1977). This type of primary interaction between methanogenic bacteria 
(or other H^-utilizing bacteria) and non-methanogenic, organotrophic 
anaerobes results in the production of methane (or other reduced sub­
strates) from complex organic substrates. This process has been given 
the name, interspecies hydrogen transfer. 
Zeikus (1977) suggested that two types of interspecies hydrogen 
transfer interaction exist. The first type involves interactions between 
the methanogens and a H^-producing organism in which H2 utilization is 
beneficial, but not essential. This type of interaction can be demon­
strated in situations where methanogens are grown in association with 
other bacteria like: Ruminococcus albus (lannotti et al., 1973), 
Selenomonas ruminantium (Chen and Wolin, 1977), Clostridium cellobioparum 
(Chung, 1976), and Clostridium thermocellum (Weimer and Zeikus, 1977). 
In all these cases, growth in the presence of the methanogen resulted in 
a change in the proportion of end products from the non-methanogen. Such 
changes were reflected in increased ATP production and growth yields 
(Thauer and Tewes, 1978) in the non-methanogen. Wolin (1974) suggested 
that these changes are the result of decreased H2 partial pressures which 
are produced by the growth of the methanogen. 
The second type of interaction between methanogens and non-
methanogens is one where the utilization of H2 is essential for the 
growth of the hydrogen producer. This type of interaction was first ob­
served in the ethanol-utilizing syntrophic association between the S-
organism and the methane-producing strain MoH (Bryant et al., 1967). 
Since the discovery of this pair of interacting organisms, several 
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similar associations have been shown to exist. These include methano-
genic interactions with fatty acid-oxidizing bacteria (Mclnerney, 
Bryant and Pfennig, 1978), Desulfovibrio strains growing on ethanol 
(Bryant et al., 1977) and benzoate-oxidizing bacteria (Ferry and Wolfe, 
1976). In all cases, the decreased H2 partial pressure, which resulted 
from the growth of the methanogen, displaced unfavorable reaction 
equilibria and were essential to the growth of the non-methanogenic 
organism (Wolin, 1974). 
The interaction that was observed between the oxalate degrader and 
the methanogenic bacteria in the enriched populations did not fit into 
either of these two groups. OxB degraded oxalate to formate and CO2 
in the absence of the methanogen, indicating that methanogenesis was 
not necessary for oxalate degradation. This pure isolate was also un­
affected by the presence of H2 or formate. In addition, any increase in 
cell yields from oxalate obtained in the mixed population (containing 
both the oxalate degrader and the methanogen) could be explained by the 
growth of the methanogen on formate produced during oxalate degradation. 
Such evidence suggested that methanogenesis was neither necessary nor 
beneficial to the growth of the oxalate degrader outside the mixed 
population. 
The interaction between the organism responsible for methane pro­
duction and those responsible for oxalate degradation appears to be 
different from that observed in primary interaction associated with inter­
species hydrogen transfer, and represented, instead, another type of 
short food chain where the methanogen served as the terminal organism. 
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The inhibitory effects of methane inhibitors (benzyl viologen and chloro­
form) , H2 and formate on oxalate degradation are more complicated than 
the effects of H2 on the ethanol fermentation of the S-organism and 
strain MoH (Bryant et al., 1967). 
The operation of the oxalate-degrading chain required at least two 
organisms, an oxalate degrader (represented by OxB) and a methanogen. 
The results of this study suggest that no primary interaction occurred 
between these two organisms, and yet a close association between methane 
production and oxalate degradation existed in the mixed cultures. It 
is, therefore, easy to postulate the existence of a third organism in 
the mixed methanogenic populations which could mediate the effects of 
H2 and formate on the oxalate degrader. It is impossible to suggest what 
type of a regulatory effect such an organism would have or its importance 
in the rumen environment. 
Baresi and his associates (1978) have also shown formate and H2 
inhibition of a methanogenic, acetate-utilizing enrichment. This effect 
appears to be mediated by a soluble intermediate produced only in 
mixed cultures. The acetate enrichment is considerably different from 
the oxalate-degrading system, but it still demonstrates the complexity 
of the interactions and regulatory mechanisms in mixed cultures. The 
understanding of such regulatory mechanisms will be important in the 
study of the ecology of OxB and similar oxalate degraders. 
The unique physiological and ecological characteristics of the 
oxalate-degrading isolates, represented by OxB, make it difficult to 
assign a definite taxonomic status to these organisms. OxB is apparently 
unable to use many of the one-, two- and three-carbon compounds used 
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for the classification of the aerobic oxalate degraders (Jayasuriya, 
1955; Khambata and Bhat, 1953). In addition, other characteristics 
such as the number of flagella (Jayasuriya, 1955) and pigment produc­
tion (Bassalik, 1913) are not applicable to these anaerobic isolates. 
The strict anaerobic nature of these isolates separates them from 
aerobic oxalate degraders, including those isolated from the rumen 
(O'Halloran, 1962). 
OxB cannot be classified by using the standard procedures recom­
mended for the differentiation of anaerobic bacteria, since it could 
not be cultivated on the conventional biochemical test media (Holdeman 
et al., 1977). This isolate does not produce spores and thus could not 
be placed with the oxalate-degrading, clostridial strain isolated by 
Bhat (1966). Deletion experiments indicated that OxB had nutritional 
requirements similar to those observed for Desulfovibrio vulgaris subsp. 
oxamicus (Postgate, 1963), because both organisms required yeast extract 
for growth on oxalate. However, the non-motile nature and the lack of 
ability to utilize lactate or reduce sulfate differentiates these iso­
lates from the previously described Desulfovibrio. 
The inability of OxB to utilize formate as a sole substrate is not 
a unique characteristic among oxalate degraders. Several of the aerobic 
oxalate utilizers would not grow when formate was provided as a sole 
carbon and energy source. However, many of these organisms would 
metabolize formate as an "incomplete substrate" in the presence of 
oxalate (Bhat and Barker, 1948). OxB was unique in that it produces 
formate as a major end product. This end product has never been reported 
in other bacterial oxalate degraders. 
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The anaerobic oxalate-degrading isolate tolerated fairly high 
concentrations of oxalate (greater than 112 mM). This differentiates 
it from other oxalate degraders like 2- oxalaticus, which are inhibited 
by as little as 15 mM oxalate (Dijkhuizen and Harder, 1975). However, 
this characteristic is not unique, because other oxalate degraders 
grow at concentrations of oxalate greater than 100 mM (Jayasuriya, 
1955; Bhat and Barker, 1948). 
These results indicate that the anaerobic oxalate degrader isolated 
in this study represents a new genus of bacteria. Final assignment of 
taxonomic status awaits the isolation of other strains and further 
charac t erization. 
This study has revealed a great deal about the nature of oxalate 
degradation in the rumen and resulted in the isolation of an organism 
which can account for oxalate degradation in both the adapted and non-
adapted animal. Little is known, however, about the factors which 
influence the growth of this organism in the rumen and how this organism 
interacts with other rumen inhabitants. A better understanding of these 
factors and interactions may provide information that can be used to 
help prevent oxalate intoxication in livestock. 
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